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Digital topographic maps, also known as Digital Raster

WHY . .
torocrApHIc Craphics (DRG's) are an accessible and useful source
DRGS 2 of geospatial data of the land surface. Topographic

maps are created for a variety of purposes and range
from very large scale maps (1 inch = 100 feet or larger) produced by
municipalities and transportation departments to very small scale
(1:250,000) regional topographic maps produced by the U.S. Geological
Survey (USGS).  All topographic maps represent spatial variation of
elevation of the ground surface. Beyond that, depending on purpose,
topographic maps depict specific features on or related to the ground
surface. Features may include land cover type, hydrography (streams and
waterbodies), building locations, cultural features, political boundaries, road
systems, railroads, pipelines, and transmission lines. Topographic maps
usually incorporate coordinate grids and scale bars to find geographic
locations determine the size of surface features in real world dimensions.
USGS topographic maps display multiple coordinate grids including latitude
and longitude (geodetic), U.S. customary (State Plane) and metric
coordinate systems (UTM). Digital topographic maps are useful as initial
base map coverages for GIS projects.

This tutorial will guide the creation of a basic ArcView 3.3
project and introduce the three most common scales of
DRG’s produced by USGS: the 1:250,000 (250K), 1:100,000 (100K), and
the 1:24,000 (24K) DRG’s. DRG’s used in this tutorial are of the area near
Walla Walla and College Place, WA. We will use ArcView's GIS tools to
compare the content spatial characteristics of the various DRG’s.

OBJECTIVE
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1. Create an ArcView Desktop Shortcut

Open the Start All Programs menu. Move the mouse pointer to the
ESRI:ArcView GIS 3.3:ArcView GIS 3.3. Click and hold the right mouse
button. Drag the pointer down to Create Shortcut. Release the right
mouse button.

America Online 7.0 @ Microsoft Schedule+

d @ MNew Office Document Microsoft Word

@ Open Office Document % Microsoft Works Task Launcher
@ Toshiba Access w7 MSN Explorer

| % Windows Catalog @ Outlook Express
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@ WinZip .. Remote Assistance
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Games 4 @) Arcview GIS 3.3 Help Run 3s...
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Microsoft Office Tools 3 Q Import I Add to arcview.Zip
) Zip and E-Mail arcview.zip
Microsoft Reference 3 Q Import71 Pin to Start menu
Mi ft Works » MIF To Sh
icrosoft Worl Q o Shape send To R
i £ Network Device Switch 3 3 @ PortMap
Cut
, I Morton Antivi 3 Projection Ut
. Internat orton AntiVirus Q rojection Utility Copy
Internet Explorer Quicken 4 _j Readme Database Acce
S:I E-mail Real ’ @ Rpdnfo Delete Eg
Outiock Express Rusle2 3 £ 5075 Point to Arc Renzme
* . Siemens SpeedStream 2624 3 & SOTS Raster to Grid Sort by Mame
Irfanview .
Snaglt 6 3 Q Shape DXF Converter Properties
ég BASINS Startup 3 @ Readme Image Analysis
=
= Toshiba Applications 3 ¥ spatial Analyst Readme
[ ’

Adobe Acrobat 5.0 TOSHIBA Console

Reopen the ArcView GIS 3.3 start menu. A new item ArcView GIS 3.3 (2)
should have been created. Place the pointer on the new entry, press and
hold the left mouse pointer, then drag the shortcut icon on the desktop.
Place the shortcut icon in a convenient location.
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2. Open ArcView from the desktop shortcut.

Click on the shortcut icon to start ArcView.

The Welcome to ArcView dialog box presents the user with three choices.
Select Create a new project with a new View. Click OK.

= ArcView GIS 3. BEIE

File  Project Window Help

to Arcview Gis

| Create a new project

<> " az ablank project

ar

=

== ( Open an existing project

Charts W Shaow this window when Arciew GIS starts

k. 4 Cancel
Lapots
Scriptz. * E‘
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Click Yes in the Add data dialog box.

= ArcView GIS 3.3

File Edt “iew Theme Graphicz “Window Help

PRI =1 ] oo R

Wﬂ?ﬂ
" View1 !m
Add data |
I
9 Wwiould pou like to add data to the Wiew now?
Mo |
SEnpE ] ]
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3. Load a 250K Digital Raster Graphic

Change the Data Source Type to Image Data Source. Navigate to the
directory: C:\GIS\College pN\01 Terrain\01_250K_DRG.

c46118a1.tif. Click OK.

i Add Theme

Dhirectary: [ c:hgisheollege_pll_terraint01_250k_drg

B c45118a1.tif -

Data Source Types:

= o -
[ ais

[= college_pl

[= 01_terain

s 01_2R0k_dig

Dirives:

[ Image D ata Source |

= =]

Ok
==

Cancel

o [Directonies
" Libranes

Select the file
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Click the check box on the theme (data layer) name in the view window
table of contents to make the theme visible. See the image below to
identify the various parts of the image.

42 ArcView GIS 3.3

File Edit Wiew Theme Graphicz “Window Help

View Window

MAP Area

The map image is a scanned version of the 1:250,000 scale topographic
map produced by the U.S. Geological Survey. Scanned topographic maps
of all scales are called Digital Raster Graphics (DRG). DRG’s in scales of
1:250,000 (250K), 1:100,000 (100K), 1:24,000 (24K) scales are available
for most areas of the U.S. As we just saw, DRG’s are georeferenced so
they may be loaded as image themes into GIS software.
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4. Save the ArcView project.

Select Save Project As under the File menu.

22 ArcView GIS 3.3

Edt View Theme Graphics Window Help

Claze
L7 ==

Close &ll

Set Warking Directony...
Save Project Clrl+5

Save Project As...

Extensions. ..

Erint...
Frint Setup...
Export...

Manage Data Sources, ..

E it

Navigate to a convenient directory, name and save the project. ArcView
3.3 project files have a *.apr extension. The ArcView project files does not
have to be saved with a project’'s data files. The project file contain a
listings of the data themes loaded into a project. We’'ll look at the structure
of the *.apr file later. Click OK to return to the main view window.

7! Save Project As

- = o - Cancel
(= gis
[= college_pl

File Marne: Directaries; ok
[/ alla_walla_1.apr c:hgizhcollege_plhO00_arcyview

&= O0_arcview
£ wark
Drrives:
[ =l
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5. Explore the 250K DRG

Use the zoom tool 2 to zoom to the area near the City of Walla Walla.

2 ArcView GIS 3.3

phics  window Help

EEAREEE
@[T -]

File Edit “iew Theme

2 View1

= | & caeettzattif

The level of topographic detail in the 250K DRG is good for observing
features over larger areas. This particular DRG shows just the map area
of the original paper map. The map legend, scale bars, and text

information in the collar region has been “clipped” to allow easy viewing of
adjacent map sheets.

Explore the limits of the DRG coverage by using the zoom and pan tools.

© Teasdale Environmental Associates, PLLC 11



USGS DRG Tutorial BPA Satellite and Aerial Imagery

6. Load the Neighboring 250K DRG

Click the add theme icon E navigate to the directory
C:\GIS\College_pN01_Terrain\01_ 250K DRG and select the DRG theme
c45118al.tif.

i Add Theme

AERCEACN— - | (= o [~ Cancel

B 4611821t [= iz

[= caollege_pl
[= 01_terrain
B 01_250k_dig

Directory: | chgishcollege_phil_temnains01_250k_dig K

& Directaries
— — © Librares

Data Source Types: Drrives:
[ Image Data Source | = x|
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Make the new DRG theme visible. This DRG is located to the south of the
first DRG. The DRG’s are edge matched to provide a seemless view of the
area covered by both DRG's.

42 ArcView GIS 3.3

File Edit Wiew Theme Graphicz “Window Help

FIREN

= | o] castizattit

] castizartit

GIS software applications display georeferenced DRG’s as a projected
map. Georeferenced images come with map projection information that
tells the GIS how to relate the position of each pixel in the image to its
corresponding real world coordinates. Once a GIS loads a georeferenced
image, a user can observe the geographic coordinates of any point in the
image and make measurements of distance and area.
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7. Set the View Properties

Select Properties under the View menu.

#2 ArcView GIS 3.3

File  Edit Theme Graphicz  Window K
& N
3 Add Theme...  Chl+T ||T

T

= V.

Hew Theme...
Ihemes On

|l

Options in the View Properties dialog can be set to define the units
associated with the numeric coordinates of the projection. Most DRG'’s are
projected according to the metric based Universal Transverse Mercator
(UTM) system so the units are meters. Select meters in the Map Units pull
down menu. Distance Units are set by the user and control the output of
measurements made in the GIS view. Select miles in the pull down menu
of Distance Units dialog. Click OK to return to the view window.

£ View Properties

Mame: [ Wiewl Ok, |
Creation Date: [ 5 aturday, March 29, 2003 9:00:50 AM Cancel
Creator: |

Map Units: [ meters

Digtatice Lnits: .

Projection. ..

B ackground Color:

Comments:

Area OF Interest

Select Color...

=]
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8. Measure a distance

Select the measure tool icon £l in the main view menu.

@

File Edt “iew Theme Graphicz Window Help

=Sl

AR LIRS o IT
I =l
=
= | o casiizat tif il

«] ca8118at tif

The pointer changes to . Move the pointer to the City of Milton
Freewater and left click the mouse. This sets one end of the measure line.
Move the pointer to the City of Walla Walla. A line extends from the first
point and follows the pointer. Left click again to set the end point of the

measurement line. Length is reported in the lower left end of the message
bar at the bottom of the view window.

‘ Z‘ v

Segment Lenagth: 9.64 mi Length: 9.64 mi
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9. Determine Coordinates a Point

Select the pan tool and move along the Walla Walla River to the

confluence with the Columbia River. Select the pointer tool A and
position it over the point where the Walla Walla River meets the edge of the
Columbia River.

el

T TN

The coordinates of the pointer are given in the right end of the message bar
at the top end of the view window.

. 2209 o
Seale T 88,737 5Nz 45025 ¢

The reported easting coordinate is 352,412.09 and the northing coordinate
Is 5,102,458.25. The coordinates are reported to much higher accuracy
than warranted by the scale of the DRG. For formal reports, always round
reported coordinates to an appropriate level of precision, probably the
nearest 100 meters in this case. The scale number to the left of the
coordinates is the reference scale for the GIS window.
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Exercise

a. Locate the Walla Walla City County Airport. What are the UTM
coordinates of the intersections of the runways indicated in the
figure below.

b. What are the dimensional units of the coordinates?

/. # Z< GlaIN_eIevars

(Answer given at the end of the tutorial.)

To keep the exercise answers handy, print the answer page or open a
second document window positioned at the answer page.

© Teasdale Environmental Associates, PLLC 18



USGS DRG Tutorial BPA Satellite and Aerial Imagery

10. Load and Explore a 100K DRG

2 Add Theme

B 45117el.tif - = b -

Dhirectary: | c:hgishcollege_pll_terraint02_100k_drg ok

= - C I
E 1451181 tf = gs i
B (46117l b [= caollege_pl
B 46117l ki (= 01 _terain
m i 02_100k_dig
B (451131 .t & Directaries
= — " Libraries
Data Source Types: Dirives:
[ Imane D ata Source = |z ]

Activate (highlight) the new theme and click the zoom to layer button.

2 ArcView GIS 3.3

Eile Edit “iew Theme Graphicz ‘Window Help

8 () @IS (A1) A
e a2 Z e

E

#ia View1
= | o Fag112at.ti ol | [ e At

] C45118a1.tif

o] CaB118a1 tif
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The 100K DRG is a scanned image of the USGS 1:100,000 topographic
map. It is higher resolution and provides more topographic detail than the
250K DRG, but it covers a much smaller area. This 100K DRG has not
been clipped so all the original map collar information is visible.

! ArcView GIS 3.3

File Edit View Theme Graphics “indow Help

=] . -. [Bl]X] .- E kRS

= | & Fest1gatti
] casiizattif

| o] ceet1zat.iif
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Zoom to the City of Walla Walla area. More features are named and
indicated by symbol on the 100K DRG than on the 250K DRG.

72 ArcYiew GIS 3.3
Fie Edit View Theme Giaphics “indow Help

i 394 433 58
Scale 1:/91.151 5ja3 73523 by

] Fést1zatti
o ces11Bat.tif

| «f ceet1Bat.iif

Qrigir: [384,235.04, 5,092 064.08) m Extent: [1 3.&'«1, 1047 mi Area: 144 92 2q mi
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Toggle the 100K DRG on and off to observe the differences between the

two maps.

@2 ArcView GIS 3.3

File Edit “iew Theme

B

N Fee11se
o] ces11Bat.tif

| «f ceet1Bat.iif

~ 8
D
_ B E
\“*v Page 1 (Pl b 8+
Yy | o JIB g Dot
| | O 4 o <. )@_
. N I~ | :
£ ‘!’\ NE_E“" L/»/& = (— ) a—t
S P £ D\,\)\ i \ Y

Qrigir: [384,235.04, 5,092 064.08) m Extent: (13.84, 1047 mi Area 144 92 zq mi
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Check on the 100K DRG and check off the 250K DRG. Zoom to the map
legend and on the right side of the map area. Since this DRG was not
clipped, the map information such as date and original projection
information is easily accessible. Users often have a choice between DRG's
with or without collar information. SAVE the project.

2 ArcView GIS 3.3
File Edit Wiew Theme Graphlcs ‘window Help

] 44423350
Scale 1[147,169 511957083 T

= | o Fast118atti
_| c45112a1.tif

I _| c4e118a1.tit

Frodutes by the United Siates Geologies) Survey
Clvmpled Frum DAGS |24 100 ache 100ouai: niss
b BEATTE Pluaimteny Sevined fran il fhoomindie
Inkwn |97 and ihur yauree dam. Hevised in nlnirreeion sed
el cecknt.  Map edioed 1IN

Esaelin mnd L0 Ditasier gebd, asan 10,

Unlursnl Tranaueezz Mamsnior

asﬂul‘i—a 4l gral ticka bune? on Washimalan ooty o,
o 9% Now h vmuscan D

'Inp4 izl Aocth A

T 198
DU i o s 15 mgters-anth d B o ke

Theo mang e fuinit Sahaldings Hmn bcxmlm ol
e Kuatlonal m Sule mocrestin: ahen o

LORTOTR INTEHTAL S0 METERS
EATEE A IAKY LTHIOUR BIEHVAL 26 P
RATHINAL GDUDETIC Frarl Al DATLK Cp 19y

THIE HAP COMPLIES WITH KATIONAL MAP ALTURACY TTANTAHGE

FUM SALE BY [ 4, GLULCAICAT. SUMVEY, DENWFR, COLORAIN Mg
OR RERTON, e

Origin: [424,475.04, 5,110,025.88] m Extent: [7.96, 15.92) mi Area: 126.71 sq mi
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Exercise

a. What are three rivers or creeks named on the 100K DRG in the
vicinity of the City of Walla Walla?

b. What features are indicated by the light blue circles in the figure
below? Hint: Examine the map symbol legend in the map
collar.

c. What is the publication date of the original map of 100 DRG?
What was the date of the last photorevision?

© Teasdale Environmental Associates, PLLC 24
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11. Load and Explore a 24K DRG

Click the Add Theme icon. Navigate to the directory
C:\GIS\College _pl\01_Terrain\03_24K_ DRG. Hold down the shift key and
select the two 24K DRG’s shown below.

#1 Add Theme
Dhirectary: | c:hgisheollege_plhOl_terrain®d3_24k_dig Ok
B o45113h3.f e = |~ Cancel
B o451 19h4.tif = aiz
] Ba3 tif [= caollege_pl
] dad.tif [= 01_termain
B od46118a5kHf B 03_24k_dig
B usas 23k _drg.dbf * Directories
= — " Libranies
Data Source Tupes: Dirives:
| Image Data Source = = ]
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Activate the theme 046118a3.tif and click the Zoom to Layer button.

@ ArcView GIS 3.3 - |of x|
Fie Edit View Theme Giaphics “indow Help
@Ik [ [Sl@a]E] BV N Scale 18757 51058514 ¢

= | #] ocee11zantif

o] 04811824t

«] Fag118s1.tif
_| cas118al.tif

_| Cc48118a1.tif

The USGS 24K DRG is the highest resolution (largest scale) topographic
DRG routinely produced by USGS. It provides the highest level of detalil.
Features seen in 24K DRG’s are usually interpreted and delineated
directly from aerial photographs. The 24K DRG or its original 1:24,000 7.5
minute topographic quandrangle, often serve as primary base maps for
other USGS map products. The 24K DRG'’s are an important source of
historic land cover information. Use and interpretation of USGS 24K
DRG's are discussed in a separate tutorial.

SAVE the project.
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Zoom in and locate Mill Creek in the City of Walla Walla.

72 ArcYiew GIS 3.3
Fl\e Edll Vlew Theme Glaphlcs W'\nduw Help

[@ '&.] & ] Scale 114681 S
= | #] ocee11zantif

o] 04811824t
I _| Fag11Battif

_| C45118a1.tif

_| Cc48118a1.tif

Much more detail is seen in the 24K DRG than in the lower scale DRG's.
The USGS 24K DRG’s are a very useful source of georeferenced map
information. Positional accuracy meets the National Map Accuracy
Standards. The 24K maps are compiled following strict criteria for
identifying and including features. USGS 24K DRG’s can be a good

starting point for developing project specific GIS data layers.

© Teasdale Environmental Associates, PLLC
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12. Compare Detail of Different Scale DRG’s

A quick visual comparison of the different scale DRG’s helps emphasize

their differences. Zoom to a City of Walla Walla that shows Mill Creek and
the US HW 2 interchange.

1 ArcView GIS 3.3

-[o]x]
File Edit View Theme Graphiczs “Window Help
CE3 I P i OO ) P P R R | s 5 34054 £
@) — I 1~

o] o4e118a2tit

|»

] o4c11sa4tit
_| Fag118atti
_| cest1mat
_

C4g118a1.tif
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Turn off the 24K DRG'’s and turn on the 100K DRG.

@2 ArcView GIS 3.3

Fie Edit View Theme Giaphics “indow Help

EEAREEE
Fle[ =TI -] U 510544181 ¥

e

04681 18a2.tif

=k
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Turn off the 100K DRG and turn on the 250K DRG.

@2 ArcView GIS 3.3

Fie Edit View Theme Giaphics “indow Help
FEEE FIE)
30N P e o | S T1-J

e

_| ©4811Ba4tif
I _| Fas118attif

_| C45118a1.tif

4:4{-113514“

This comparison emphasizes the difference between the scales of the
DRG’s. Note that the alignments of Mill Creek and the roadways at the
three scales agree fairly well. This is because all the DRG’s are projected
to a common projection. In this case the projection is the Universal
Transverse Mercator Zone 11 North based on the North American Datum
of 1927. This projection is often identified by the abbreviation UTM11
NAD27. There are several UTM zones across the U.S. The Pacific
Northwest lies mostly in UTM 10 and UTM 11. The UTM zone 10 is west of
UTM zone 11. Another common projection for DRG’s is the Universal
Transverse Mercator based on the North American Datum of 1983 UTM
NAD83).
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13. Features in 24K DRG’s

Many hydrographic features are depicted on 24K DRG’s. The locations of
features such as stream flow gaging stations, weirs, wells and wastewater
discharges are identified by symbols and text.

River mile markers on major streams and rivers show the distance
upstream from the mouth of the stream as defined by the regional
navigation authority or U.S. Army Corps of Engineers.

© Teasdale Environmental Associates, PLLC 31
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Some data in the 24K DRG's, such as elevation contour lines, do not
normally change. Other data such as limits of residential land use in urban
areas and stream centerlines in highly active alluvial flood plains may
change often. USGS periodically revises the 24K topographic maps to
document changes, but an extensive photorevision may not have been
performed for 20 or 30 years. Features added during the last photorevision
are shown in a magenta color. The date of the last photorevision is stated
in the map collar.
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Exercise

Using the distance tool , determine the approximate river mile to the
nearest 0.1 mile of the rail road bridge that crosses Mill Creek in the
western part of the City of Walla Walla. Hint: set the View units to miles.

Answer:

miles
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14. A Comparsion of DRG Projections

DRG users should be aware of the positional difference between UTM
NAD27 and UTM NAD83. Mismatching themes with these similar, but
different projects can lead to erroneous GIS measurements.  Another
tutorial provides more detail on map projections, but a quick comparison
can be made to indicate the difference.

A copy of the 24K DRG 046118a3.tif called 046118a3 nad83.tif is located
in the directory for the 24K DRG’s. This new DRG is projected to the UTM
11 NADS83. Load it and turn it on. Also turn on the original NAD27 version.
Toggle the NAD83 DRG on and off to compare the locations of features
such as the highway interchange.

#1 ArcView GIS 3.3
Fle Edt View Iheme Graphics Window Help
A€ (]
3 I P e [ O G B ATl -] Seale 114551 sTgAa02 T
- View1
= | o 04811823 nedszt *| o
«] caettzatr
| _| o4e118a4tiF
_| FeB11Ba1tif
_| Ca5118a1.tif
_| cae118al.tif
Segmernt Length: 0.79 mi Lergth 0.79 mi
4.
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Exercise

Determine the offset distance between the same points on the NAD27 24K
DRG and the NAD83 24K DRG.

Hint: Use the graphics tool to set a point =] on the same feature in both
projections. Use the measure tool to measure the offset. Set the view units
to meters.
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SUMMARY In this tutorial we have seen how to create a basic GIS

project and use some of the GIS tools included with the
ArcView 3.3 software.  We developed our initial GIS project with Digital
Topographic Maps (DRG'’s) produced by USGS. We compared the content
and spatial characteristics of the various DRG’s and practiced identifying
and locating topographic features. The fundamental skills learned in this
tutorial provide a background for further work with georeferenced aerial and
satellite imagery.
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Answers to Exercises
1. Answer :

a. 400,000 meters E, 5,105,600 meters N

b. meters

2. Answer:
a. Mill Creek
Walla Walla River
Stone Creek

b. Water well

= R L LT T T L

Windmill;, water well: SPIINQ . cceeeverncrsesrmmeesssemmaecomessessmseesssoseesseeems, &

c. 1980, 1976

Produced by the United States Geological Survey

Compiled from USGS 1:24 000-scale topographic maps

dated 1963-1978. Planimetry revised from aerial photographs
taken 1976 and other source data. Revised information not
field checked, Map edited 1980

Projection and 10 000-meter grid, zone 11,

Universal Transverse Mercator

25 000-foot grid ticks based on Washington coordinate system,
south zone, 1927 North American Datum

To place on the predicted North Amerlcan Datum 1983

move the projection lines 18 meiers north and 83 meters east

There may be private inholdings within the boundaries of
the National or State reservation shown an this map

© Teasdale Environmental Associates, PLLC
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Answer:

The rail road bridge is 0.51 miles upstream from River Mile marker 6, so
the rail road bridge is located at River Mile 6.5.

Determine the answer by selecting the distance tool and clicking a
continuous line along the stream centerline from River Mile marker 6 to the
railroad bridge. Read the total distance in the message bar at the bottom
of the view window. Double click the distance tool to clear the continuous
line.

Segment Length: 0.08 mi Length: 0.51 mi
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4. Answer:

The offset distance is approximately 220 meters. A point on the UTM11
NADB83 projection lies about 220 meters northwest of the same point on the
UTM11 NAD27 projection.

Segment Length: 22099 m Length: 220,99 m
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